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(54) Block copolymer composition for modifying asphalt and asphalt composition comprising 
the same 



(57) A block copolymer composition for modifying 
asphalt, which comprises a mixture of: (A) a block co- 
polymer comprising: at least two polymer blocks each 
mainly comprising a monoalkenyl aromatic compound; 
and at least one polymer block mainly comprising a con- 
jugated diene compound; and (B) a block copolymer 
comprising: at least one polymer block mainly compris- 
ing a monoalkenyl aromatic compound; and at least one 
copolymer block mainly comprising a conjugated diene 
compound, and having a molecular weight equivalent to 
1/3 to 2/3 of the molecular weight of block copolymer 
(A), wherein (a) the total bonding alkenyl aromatic com- 
pound content in the mixture of block copolymers (A) 



and (B) is from 10 to 50% by weight, wherein (b) the 
vinyl bond content in the conjugated diene polymer 
blocks is not greater than 70% by weight, and wherein 
the block copolymer composition has: (c) a content of 
(A) component of from 98 to 20% by weight and a con- 
tent of (B) component of from 2 to 80% by weight; (d) a 
melt index value of from 0.3 to 15.0 g/10 min; (e) a bulk 
density of from 0.1 to 0.7; (f) a particle size distribution 
such that the content of constituents remaining on a 
5-mesh sieve is not greater than 30% by weight and the 
content of constituents passing through a 20-mesh 
sieve is not greater than 30% by weight; and (g) a total 
pore volume of from 100 to 2,000 mm 3 /g. 
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Description 

FIELD OF THE INVENTION 
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of the asphalt composition as an asphalt-modifying agent which has markedly excellent solubility in asphalt and also 
shows excellent workability later. 

[0014] Other objects and effects of the present invention will become apparent from the following description. 
[001 5] In order to develop an asphalt-modifying agent which has the above described performances and a modifying 

5 asphalt composition using the same, the inventors of the present invention have made extensive studies. As a result, 
it was found that the above-described objects of the present invention (i.e., an asphalt composition which has excellent 
solubility and workability, which is also excellent in terms of softening point, ductility and mechanical strength and, 
moreover, which shows excellent storage stability so that these properties can be maintained even when stored) can 
be achieved by the addition of a specific amount of a block copolymer composition comprising an alkenyl aromatic 

10 compound and a conjugated diene and having extremely limited ranges of structure and shape, as an asphalt-modifying 
agent. The present invention has been accomplished based on this finding. 

[0016] That is, the above-described objects of the present invention have been achieved by providing the following 
block copolymer compositions and asphalt compositions. 

is 1 ) A block copolymer composition for modifying asphalt, which comprises a mixture of: 

(A) a block copolymer comprising: 

at least two polymer blocks each mainly comprising a monoalkenyl aromatic compound; and 
20 at least one polymer block mainly comprising a conjugated diene compound; and 

(B) a block copolymer comprising: 

at least one polymer block mainly comprising a monoalkenyl aromatic compound; and 
25 at least one copolymer block mainly comprising a conjugated diene compound, and having a molecular 

weight equivalent to 1/3 to 2/3 of the molecular weight of block copolymer (A), 

wherein (a) the total bonding alkenyl aromatic compound content in the mixture of block copolymers (A) and 
(B) is from 10 to 50% by weight, 
30 wherein (b) the vinyl bond content in the conjugated diene polymer blocks is not greater than 70% by weight, 

and 

wherein the block copolymer composition has: 

(c) a content of (A) component of from 98 to 20% by weight and a content of (B) component of from 2 to 
35 80% by weight; 

(d) a melt index value of from 0.3 to 15.0 g/10 min; 

(e) a bulk density of from 0.1 to 0.7; 

(f) a particle size distribution such that the content of constituents remaining on a 5-mesh sieve is not 
greater than 30% by weight and the content of constituents passing through a 20-mesh sieve is not greater 

<o than 30% by weight; and 

(g) a total pore volume of from 100 to 2,000 mm 3 /g. 

2) The block copolymer composition of the above 1), wherein the block copolymer mixture has a softening tem- 
perature of from 80 to 1 30°C as measured by static thermomechanical analysis (TMA). 
45 3) The block copolymer composition of the above 1 ) or 2), having a content of the monoalkenyl aromatic compound 

polymer blocks (BS) of from 10 to 48% by weight, and an alkenyl aromatic compound content (TS-BS) calculated 
by subtracting the monoalkenyl aromatic compound polymer block content (BS) from the total bonding alkenyl 
aromatic compound content (TS) of from 2 to 30% by weight. 

4) The block copolymer composition of any one of the above 1 ) to 3), wherein component (A) comprises a coupling 
50 polymer obtained by coupling reaction of component (B). 

5) An asphalt composition comprising: 



55 



from 3 to 1 5 parts by weight of the block copolymer composition of any one of the above 1 ) to 4); and 
from 85 to 97 parts by weight of asphalt. 

DETAILED DESCRIPTION OF THE INVENTION 

[0017] Component (A) (block copolymer (A)) for use in the present invention is a block copolymer comprising at least 
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effect of components (A) and (B) is not generated. The Ml is preferably from 0.5 to 10.0 g/10 min, more preferably from 
0.7 to 5.0 g/10 min. 

[0029] The block copolymer composition of the present invention preferably has a softening temperature of from 80 
to 130°C as measured by a static thermomechanical analyzer (TMA). When the softening temperature is less than 

s 80° C, the cohesive force may become insufficient, the high softening point of the asphalt composition may be not 
generated and its toughness and tenacity also may become poor. On the other hand, when the softening temperature 
exceeds 1 30°C, the melt viscosity of the asphalt composition may becomes too high so that the dispersion compatibility 
with asphalt may become poor and desirable physical effects therefore may be not generated. Its preferred range is 
from 85 to 125°C, more preferably from 90 to 120°C. 

10 [0030] In addition, the copolymer composition of the present invention should have the following conditions. 

[0031] The bulk density of the copolymer composition of the present invention is from 0.1 to 0.7. When the bulk 
density is lower than 0.1 , the composition floats and is separated at the time of its dissolution in asphalt, which causes 
inferior solubility. It also is not efficient at the time of transportation. On the other hand, when the bulk density is larger 
than 0.7, it causes a difficulty in dissolving the composition because of its high degree aggregation and therefor a 

75 prolonged time is required for its dissolution. The bulk density is preferably from 0.2 to 0.5, more preferably from 0.25 
to 0.4. 

[0032] The copolymer composition of the present invention has a particle size distribution such that the content of 
constituents remaining on a 5-mesh sieve is not larger than 30% by weight. When the content of the constituents 
remaining on a 5-mesh sieve is larger than 30% by weight, the proportion of constituents having larger particle sizes 
20 increases so that solubility becomes poor. The content is preferably 20% by weight or less, more preferably 10% by 
weight or less. 

[0033] Further, the content of constituents passing through a 20-mesh sieve is 30% by weight or less. When the 
content of the constituents passing through a 20-mesh sieve is larger than 30% by weight, the proportion of constituents 
having smaller particle sizes becomes too large so that aggregation of particles is apt to occur and a prolonged period 
25 of time is required for their dissolution. The content is preferably 1 0% by weight or less, more preferably 2% by weight 
or less. 

[0034] When the volume of pores existing in the copolymer composition of the present invention is measured, the 
total pore volume must be from 100 to 2,000 mm 3 /g. If the total volume is less than lOOmnrrVg, incorporation of asphalt 
components becomes difficult due to less number of pores so that the dissolution time is prolonged. When it exceeds 
30 2,000 mm 3 /g ( the number of pores becomes so large that the composition floats on the upper layer of asphalt at the 
time of dissolution, which therefore takes a prolonged period of time. The total pore volume is preferably from 120 to 
1 ,500 mm 3 /g, more preferably from 1 30 to 1 ,000 mm 3 /g. 

[0035] In addition, the copolymer composition of the present invention shows particularly excellent performance by 
the following modes. 

35 [0036] That is, it is desirable that the block copolymer composition of the present invention has an alkenyl aromatic 
compound content (TS-BS), calculated by subtracting the monoalkenyl aromatic compound polymer block (BS) from 
the total bonding alkenyl aromatic compound content (TS), of from 2 to 30% by weight. When the content is less than 
2% by weight, the effect of providing particularly excellent storage stability that is an objective of the present invention 
cannot be expected. On the other hand, when it is larger than 40% by weight, properties such as softening point are 

40 reduced. Its preferred range is from 3 to 25% by weight, more preferably from 4 to 20% by weight. 

[0037] The amount of (TS-BS) can be controlled as follows. For example, the control can be made by polymerizing 
the block mainly comprising the conjugated diene by a process comprising charging a conjugated diene in a reactor 
and then gradually adding a monoalkenyl aromatic compound, or by a process comprising charging a conjugated diene 
and an alkenyl aromatic compound at the same time in a reactor and carrying out the polymerization in the presence 

45 of a randomization agent as needed and, as needed, while further adding the conjugated diene. 

[0038] In this case, it is desirable that the monoalkenyl aromatic hydrocarbon content (TS) in the block copolymer 
composition of the present invention is from 1 2 to 50% by weight. When the monoalkenyl aromatic hydrocarbon content 
is less than 12% by weight, the cohesive force of the monoalkenyl aromatic hydrocarbon polymer block becomes 
insufficient and the mechanical strengths such as toughness and tenacity become poor. Also, the content exceeding 

50 50% by weight is not desirable, because the storage stability is considerably deteriorated, the workability becomes 
poor due to prolonged period of dissolution dispersion time in asphalt in producing an asphalt mixture and the low 
temperature characteristics of the asphalt mixture becomes poor. The monoalkenyl aromatic hydrocarbon content (TS) 
is preferably from 15 to 45% by weight, more preferably from 20 to 40% by weight. 

[0039] It is desirable that the content of the monoalkenyl aromatic compound polymer block (BS) in the block copol- 
55 ymer composition is from 10 to 48% by weight. When the content is less than 10% by weight, the cohesive force of 
the monoalkenyl aromatic compound block becomes insufficient and the softening point, toughness and tenacity be- 
come poor. On the other hand, when the content exceeds 48% by weight, phase separation and periodical changes 
in softening point occur. The content is preferably from 1 5 to 45% by weight, more preferably from 20 to 40% by weight. 
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as an initiator. 

[0050] As needed, stabilizers such as an antioxidant and a light stabilizer may be added to the composition of the 
present invention. Examples of the antioxidants include hindered phenol based antioxidants such as 2,6-di-t-butyl- 
4-methylphenol, n-rctadecyl-S-^'-hydroxy-^S'^i-t-butylphenyl) propionate, 2,2 , -methylenebis(4-methyl-6-t-butyl- 

5 phenol), 2,2'-methylenebis(4-ethyl-6-t-butylphenol), 2,4-bis[(octhylthio)methyl]-o-creso! 1 and 2-t-butyl-6-(3-t-butyl- 
2-hydroxy-5-methylbenzyl)-4-methylphenyl acrylate; sulfur based antioxidants such as dilaurylthio dipropionate, laur- 
ylstearylthio propionate, and pentaerythritoltetrakis((^laurylthio propionate); and phosphorus based antioxidants such 
as tris(nonylphenyl) phosphite and tris(2,4-di-t-butylphenyl) phosphite. Examples of the light stabilizer include benzo- 
triazole based ultraviolet ray absorbing agents such as 2-(2'-hydroxy-5 , -methylphenyl)benzotriazo!e, 2-(2 , -hydroxy-3\ 

10 S'-t-butylphenylJbenzotriazole, 2-(2 , -hydroxy-3 , ,5 , -di-t-butylphenyl)-5-chlorobenzotriazole, benzophenone based ultra- 
violet ray absorbing agents such as 2-hydroxy-4-methoxybenzophenone and hindered amine based light stabilizers. 
[0051 ] After polymerization by the aforementioned method, the block copolymer composition of the present invention 
can be obtained by the following method. For example, hydrated state of the polymer (hydrated crumbs) obtained by 
steam stripping is extruded under a semi-melted condition while effecting dehydration using a screw type wringer, 

15 allowing the dehydrated matter to foam at the outlet of the wringer to have a predetermined foaming degree by con- 
trolling moisture, temperature and the like factors, and then cutting the resulting substance by a cutter blade that is 
installed at the outlet and adjusted to obtain a desired particle size, to thereby obtain porous pellets. As needed, the 
remaining moisture is evaporated using a hot air dryer to obtain the block copolymer composition of the present inven- 
tion. Alternatively, the block copolymer composition of the present invention can be obtained by dehydrating the hy- 

20 drated crumbs using a press type dehydrator, drying them under a semi-melted state, while effecting foaming if nec- 
essary, by adjusting temperature, time and water content with a hot air dryer, and then crudely pulverizing the dried 
product with a grinder. As another method, the block copolymer composition of the present invention can be obtained 
by drying the hydrated crumbs as it is by means of fluidized drying. In that case, a desired shape is obtained by 
controlling conditions such as temperature, agitation speed and agitation time at the time of steam stripping. 

25 [0052] The mixing method for obtaining the asphalt composition of the present invention is not particularly limited, 
and it can be prepared by melt-kneading the block copolymer composition with the aforementioned various additive 
agents using a mixing machine such as a heat melting furnace, a roller, a kneader, Banbury mixer and an extruder. 
[0053] In addition to the aforementioned stabilizers, the asphalt composition of the present invention if necessary 
may further contain various additives conventionally used in asphalt compositions. Examples thereof include fillers and 

30 reinforcing agents such as silica, talc, calcium carbonate, mineral matter powder and glass fiber; aggregate such as 
mineral matters; softening agents such as pigments and paraffinic, naphthenic or aromatic process oil; tackiness im- 
parting resins such as coumarone-indene resins and terpene resins; foaming agents such as azodicarbonamide; poty- 
olefinic or tow molecular weight vinyl aromatic thermoplastic resins such as atactic polypropylene, and ethylene-ethyl 
acrylate copolymers; natural rubber; and synthetic rubbers such as polyisoprene rubbers, polybutadiene rubbers, sty- 

35 rene-butadiene rubbers, ethylene-propylene rubbers, chloroprene rubbers, acrylic rubbers, isoprene-isobutylene rub- 
bers, polypentenamer rubbers, styrene-butadiene block copolymers other than those according to the present inven- 
tion, styrene-isoprene block copolymers. Particularly, when used in road paving, the asphalt composition is generally 
mixed with aggregates such as mineral matter pebbles, sand and slugs. 

40 EXAMPLES 

[0054] The present invention will be described in greater detail below with reference to the following Examples and 
comparative Examples, but the invention should not be construed as being limited thereto. Nferious measurements 
were carried out in accordance with the following methods. 

45 

A: Physical property measurement of block copolymer composition 

1) Total styrene content: 

so [0055] Calculated from the absorption strength at 262 nm using an ultraviolet ray spectrophotometer (Hitachi U V200). 

2) Block styrene content: 

[0056] Obtained in accordance with an oxidation decomposition method by osmium tetraoxide and t-butyl hydroper- 
55 oxide (described in Journal of Polymer Science, vol. 1, p. 429 (1946)). The weight of styrene polymer blocks was 
calculated from the absorption strength at 262 nm using an ultraviolet ray spectrophotometer (Hitachi UV 200). 
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3) Vinyl bond content in butadiene moiety: 

[0057] Measuredbythe Hampton method (described in Analytical Chemistry vol 21 □ 94^104™ „<=in„ o ■ , 
spectrophotometer (Model 1710. manufactured by Perkin-Elmer Corp * ? ' 943(1943)) US,n 9 an ,n,rared 

4) Static thermomechanical analysis 

[0058] Using a thermomechanical analyzer (TMA-40 manufartnmH hw Qh;™^ x t 

5) Peak molecular weight and composition ratio: 

[0059] Peak molecular weight and composition ratio were calculated from chromatoorams of a G pp a n a iw=,<= , • ^ 

B: Physical property m easurement of asphalt com positinn 

1) Melt viscosity: 

[0060] Measured using Brookfield rotational viscometer at 180°C. 

2) Toughness and tenacity: 

EiatioT Ured " aCCOfdanCe TSSt M6,h0dS PaVemem C ° nStrUC,i0n (edi,6d * JaDan Road instruction 

3) Ductility, penetration and softening point: 
[0062] Measured in accordance with JIS K 2207. 

4) Phase separation 

[0063] After preparation of an asphalt composition, it was allowed to stand for 2 davs at 1 fin°r fln w th Q ^ ■ 
po.n.s of its upper and ,ower fayers were measured to use the difference 

5) Solubility in asphalt 

C: Constit utional analysis of composition 

1) Bulk density 

2) Particle size distribution 

[0066] A 500-g portion of thoroughly dried polymer composition was sieved using a 5-mesh sieve and 20 m«h cio „ 0 
Nedoneovertheother.and the weightpassed through the sieves and the weigh,?« 
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measured to calculate the distribution. All sieves used are according to Japanese Industrial Standard. 
3) Total pore volume 

5 [0067] Measured by the method of mercury penetration using a mercury porosimeter (Porosimeter Pascal 1 40 man- 
ufactured by Amco). 

EXAMPLE 1 

10 [0068] The atmosphere in a 10 liter capacity stainless steel reaction vessel equipped with a jacket and an agitator 
was thoroughly replaced with nitrogen, the vessel was charged with 7,000 cc of cyclohexane, 1 .41 g of tetrahydrof uran, 
0.6 g of N.N.N'.N'-tetramethylethylenediamine and 300 g of styrene (to be referred to as "first styrene" hereinafter), 
and the contents were set to about 70°C by circulating hot water through the jacket. 

[0069] Thereafter, polymerization of the first styrene was started by adding n-butyl lithium cyclohexane solution (1 .8 
is g in pure content). 

[0070] When the first styrene was completely polymerized, 700 g of butadiene (1 ,3-butadiene) was added to continue 
the polymerization and, when butadiene and styrene were polymerized almost completely, coupling reaction was car- 
ried out by adding a coupling agent. After addition of the coupling agent, 0.5 g of water was added. Starting immediate 
after charging of the first styrene, inside the reaction system was continuously stirred by the agitator until this stage. 

20 [0071] Thereafter, the solution of block copolymer composition was taken out, 1 .9 g of 2,6-di-t-butyl-4-methylphenol 
and 1 .2 g of tris(nonylphenyl) phosphite were added to the solution and then the thus prepared solution was subjected 
to steam stripping to remove the solvent and obtain hydrated crumbs. Subsequently, the crumbs were dried by dehy- 
dration using a hot roller and then treated with a grinder to adjust to a predetermined particle size distribution, thereby 
obtaining a block copolymer composition. Conditions of these operations are summarized in Table 1-1 . 

25 [0072] The block copolymer composition obtained in this manner was analyzed by GPC, and the low molecular 
weight main component was named (B) and the high molecular weight main component was named (A). Their analytical 
values and physical properties are shown in Table 2-1. 

[0073] Also, 6 g of the polymer composition was added to 100 g of straight asphalt (Sutoasu 60/80, manufactured 
by Nippon Oil Co., Ltd.), and the mixture was melt-kneaded at 180°C to obtain an asphalt composition. The data 
30 regarding the characteristics, workability and the like of the asphalt composition are shown in Table 3-1 . 

EXAMPLE 2 

[0074] The atmosphere in a 10 liter capacity stainless steel reaction vessel equipped with a jacket and an agitator 
3$ was thoroughly replaced with nitrogen, the vessel was charged with 7,000 cc of cyclohexane, 1 .41 g of tetrahydrof uran, 
0.6 g of N.N.N'.N'-tetramethylethylenediamine and 200 g of styrene (to be referred to as "first styrene" hereinafter), 
and the contents were set to about 70°C by circulating hot water through the jacket. 

[0075] Thereafter, polymerization of the first styrene was started by adding n-butyl lithium cyclohexane solution (1 .4 
g in pure content). When the first styrene was completely polymerized, 700 g of butadiene (1 ,3-butadiene) and 100 g 

40 of styrene (to be referred to as "second styrene" hereinafter) were added to continue the polymerization and, when 
butadiene was polymerized almost completely, coupling reaction was carried out by adding a coupling agent. 
[0076] After addition of the coupling agent, 0.4 g of water was added. Starting immediate after charging of the first 
styrene, inside the reaction system was continuously stirred by the agitator until this stage. Thereafter, the solution of 
block copolymer composition was taken out, 1 .9 g of 2,6-di-t-butyl-4-methylphenol and 1 .2 g of tris(nonylphenyl) phos- 

^5 phite were added to the solution and then the thus prepared solution was subjected to steam stripping to remove the 
solvent and obtain hydrated crumbs. Subsequently, dehydration drying was carried out using a 30 mm extruder 
equipped with a vent. In this case, a predetermined particle size distribution was obtained by adjusting the cutter. By 
further carrying out hot air drying, the desired block copolymer composition was obtained. Conditions of these opera- 
tions are summarized in Table 1-1. 

so [0077] The block copolymer composition obtained in this manner was analyzed by GPC, and the low molecular 
weight main component was named (B) and the high molecular weight main component was named (A). Their analytical 
values and physical properties are shown in Table 2-1. 

[0078] Also, 6 g of the polymer composition was added to 100 g of straight asphalt (Sutoasu 60/80, manufactured 
by Nippon Oil Co., Ltd.), and the mixture was melt-kneaded at 180°C to obtain an asphalt composition. The data 
55 regarding the characteristics, workability and the like of the asphalt composition are shown in Table 3-1 . 
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EXAMPLE 3 



and the contents were set to about 70°C bv circulating ZZZT 35 " fSt Styrene ' her einafter), 

first styrene was started by adding W^SSSS^SS S * po, * merizali °n - »• 

was completely polymerized, 850 g of b tedien^ b^ZlTT ^ PUre C ° nten,) - When the first stvrene 
butadiene was polymerized almos? c^ZTc^o^ZT .T C ° n " nUe ' he P 01 ^™*" and, when 

' [0080] After addrtion of the coupCSK AgT'ZTs S^TSS? ^ 3 C ° UP ' ing ^ 

styrene, inside the reaction system was con nuouslS £1 9 ' mmeC " ate after char9in 9 of the first 
block "PcM^e**^ 

phite were added to the solution and then the thu nrl^L J? , ^y'P^ 0013 ^ 1-2 9of trisfnonylphenyl) phos- 
solvent and obtain hydrated crumbs Subseoultl d.h^ °" ^ ,0 S,eam stri PP in 9 to remov * 

then drying was carried out J£ * dye, ^SS^^SSS^Z^T - "T* 9 8 PW " ^ dehydrat0r and 
.hereby obtaining a block copolymer compo^^ Partic,e size 

[0081] The block copolymer composition obtained in Z ml °P era, '° ns summarized in Table 1 -1 . 
^htmaincornponenUsnam ana * 2ed «* ^PC, and the .ow molecular 

values and physical properties are shown in h T ^f 2 7 leCularwe '9 htmai "^Ponent wasnamed(A). Their analytical 

'Xonir^ 

regardingthe characteristics, workable and the IfceofthT^ 
EXAMPLES 4 to 17 and COMP ARATIVE EXAMPI FR 1 ♦» g 

PRODUCTION EXAMPI F 1 

Production method of block cop olymer com print f Ay 

drofuran. NX^NMe.ramethylethy^ of cyclohexane, te.rahy- 

contents were set to about 70°C by circulating T<*2Z?l ! .! 38 f ' rst S,yrene " he ™nafter), and the 

styrene was started by adoing a predeterm^d ^amoum 1^,"?^ *** P olv ~t™ <* the first 

was completely ^ytLrizJpr^emZ ^T ?JlT T c V ci0h °* a ™ When the first styrene 

'^o^JJ,L:^ *° * ^rred to as 

a predetermined amount of styrene (to be referd to 2 ?^ 

polymerization and then, when the thW sty^ne w^ c^mo^n. ^ ^ 3dded t0 continue the 

vated by adding water completely polymenzed, active species were completely deacti- 

PRODUCTION EXAMPLE 9 

Production method of block ™ p 0 |ymer com print ^y 

drofuran, N.N.N'.N'-tetramethylethylenediamine id i fi,™ ,7 T P ede,erm,ned amoun « s of cyclohexane, tetrahy- 
contents were set to about SSffSSS hofw^ h T™t * 33 S,yr6ne " hereinaf,er )' and the 
styrene was started by adding * pZZZ^£^^^ ^ket. Thereafter, po^merization of the first 
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"second styrene* hereinafter) were added to continue the polymerization and then, when butadiene and the second 
styrene were completely polymerized, active species were completely deactivated by adding water. 
[0087] Thereafter, 2,6-di-t-butyl-4-methylphenol and tris(nonylphenyl) phosphite (cyclohexane solution) were added. 
Conditions of these operations are summarized in Table 1-4. 

s 

EXAMPLE 18 

[0088] Polymer solutions of components (A) and (B) obtained by the just described methods were mixed at a pre- 
determined composition ratio, and the thus prepared solution was subjected to steam stripping to remove the solvent 
io and obtain hydrated crumbs. The crumbs were subsequently dehydrated and dried using a hot roller and then treated 
with a grinder to adjust to a predetermined particle size distribution, thereby obtaining a block copolymer composition. 
Physical properties of this block copolymer composition are shown in Table 2-3. The block copolymer composition 
obtained in this manner was made into an asphalt composition using the same asphalt described in Inventive Example 
1 by the same blending amount. Its physical properties are shown in Table 3-4. 

15 

PRODUCTION EXAMPLE 3 

[0089] The atmosphere in a 10 liter capacity stainless steel reaction vessel equipped with a jacket and an agitator 
was thoroughly replaced with nitrogen, the vessel was charged with 7,000 cc of cyclohexane, 1 .41 g of tetrahydrof uran, 

20 0.6 g of N.N.N'.N'-tetramethylethylenediamine and 220 g of styrene (to be referred to as "first styrene" hereinafter), 
and the contents were set to about 70°C by circulating hot water through the jacket. Thereafter, polymerization of the 
first styrene was started by adding n-butyl lithium cyclohexane solution (1.4 g in pure content). 
[0090] When the first styrene was completely polymerized, 680 g of butadiene (1 ,3-butadiene) and 1 00 g of styrene 
(to be referred to as 'second styrene" hereinafter) were added to continue the polymerization and then, when butadiene 

25 was polymerized almost completely, a coupling agent was added to effect coupling. 

[0091] After addition of the coupling agent, 0.5 g of water was added. Starting immediate after charging of the first 
styrene, inside the reaction system was continuously stirred by the agitator until this stage. Thereafter, the solution of 
block copolymer composition was taken out, and 1.9 g of 2,6-di-t-butyl-4-methylphenol and 1 .2 g of tris(nonylphenyl) 
phosphite were added to the solution. 

30 

EXAMPLE 19 

[0092] The solution obtained in Production Example 3 was subjected to steam stripping to remove the solvent and 
obtain hydrated crumbs which were subsequently dehydrated and dried using a 30 mm extruder equipped with a vent. 
35 in this case, a predetermined particle size distribution was obtained by adjusting the cutter. By further carrying out hot 
air drying, the desired block copolymer composition was obtained. The block copolymer composition obtained in this 
manner was analyzed by GPC, and the low molecular weight main component was named (B) and the high molecular 
weight main component was named (A). Their physical properties are shown in Table 2-3. 

[0093] Also, 6 g of the polymer composition was added to 100 g of straight asphalt (Sutoasu 60/80, manufactured 
40 by Nippon Oil Co., Ltd.), and the mixture was melt-kneaded at 180°C to obtain an asphalt composition. Characteristics 
of the asphalt composition are shown in Table 3-4. 

EXAMPLES 20 to 23 and COMPARATIVE EXAMPLES 9 and 10 

45 [0094] In Inventive Examples 20 to 23 and Comparative Examples 9 and 1 0, similar to the case of Inventive Example 
19, the solution obtained in Production Example 3 was made into powder by the method shown in Tables 1-5 to 1-6, 
and 6 g of the polymer composition was added to 100 g of straight asphalt (Sutoasu 60/80, manufactured by Nippon 
Oil Co., Ltd.), and the mixture was melt-kneaded at 180°C to obtain an asphalt composition. Analytical values of the 
polymer composition are shown in Table 2-4, and characteristics of the asphalt composition are shown in Table 3-5. 

so 

COMPARATIVE EXAMPLE 11 

[0095] The solution obtained in Production Example 3 was subjected to steam stripping to remove the solvent, and 
the thus obtain hydrated crumbs were dehydrated and dried using a hot air dryer to obtain dry crumbs from which 
55 moisture was substantially completely removed. Thereafter, the dry crumbs were melt-extruded using a 30 mm extruder 
to obtain pellets. Analytical data of the pellets are shown in Table 2-4. Also, 6 g of the polymer composition was added 
to 100 g of straight asphalt (Sutoasu 60/80, manufactured by Nippon Oil Co., Ltd.), and the mixture was melt-kneaded 
at 1 80°C to obtain an asphalt composition. The data regarding the characteristics, workability and the like of the asphalt 
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composition are shown in Table 3-5. 
COMPARATIVE EXAMPl.F 19 



?e!hL Jhtn h 2 , w k ' n , UC, ' 0n EXamP ' 8 3 W3S SUbjecled ,0 s,eam stri PP jn 9 t0 remove ^ ^Ivent, and 
the thus obtam hydrated crumbs were dehydrated and dried using a ho. air dryer to obtain dry crumbs. Analytical data 
of the crumbs are shown in Table 2-4. Also, 6 g of the polymer composition was added to 100 g of straight asphalt 
(Sutoasu 60/80. manufactured by Nippon Oil Co., Ltd.), and the mixture was melt-kneaded a. 180'C to obtain an 
s'hown in CO Tab P |e3-5 n ^ Characteris,ics ' workabilit V and the ^ <* the asphalt composition are 

COMPARATIVE EXAMPLE 13 

22?. T" etS 0 K 1 taine , d T Compara,ive Exam P' e 10 ™* ™te into a sheet by press molding. By cutting the 
sheet a sample was obta.ned. Analyt.cal data of the sample are shown in Table 2-4. Also, 6 g of the sample was added 

2 Z 9 cL^ aSpha, l ( ' Ut ° aSU 6 ° /8 °- ma ^ c <- ci by Nippon Oil Co., Ltd.), and the mixture wasme^eaded 
m^L, tk , 3n 3SP com P° srt,on - Characteristics of the asphalt composition are shown in Table 3-5 
LU098] The coupling agents shown in Tables 1 -1 to 1 -4 below are as follows. 

ZX: 1 :1 mixture of formulae 1 and 2 below 
PMDCS: phenylmethyldichlorosilane 
DMDMS: dimethyldimethoxysilane 



Formula 1: 
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specific range of structure shows high softening point, high 60°C viscosity, excellent ductility and high toughness and 
tenacity and is also excellent in storage stability. It can be also understood that, when compared with the compositions 
of Comparative Examples, those of Inventive Examples are superior in terms of storage stability when initial stage 
softening point is identical and of initial stage softening point when storage stability is identical. Since the asphalt 
composition of the present invention is excellent in physical properties such as mechanical strength, softening point 
and ductility, has highly balanced workability and also is excellent in storage stability, it can be used not only for road 
paving but also in various applications such as waterproof sheets, sound insulation sheets, cut-off sheets and the like, 
so that the present invention is largely meaningful in industrial viewpoints. 

[0100] While the invention has been described in detail and with reference to specific examples thereof, it will be 
apparent to one skilled in the art that various changes and modifications can be made therein without departing from 
the spirit and scope thereof. 



Claims 

1 . A block copolymer composition for modifying asphalt, which comprises a mixture of: 

(A) a block copolymer comprising: 

at least two polymer blocks each mainly comprising a monoalkenyl aromatic compound; and 
at least one polymer block mainly comprising a conjugated diene compound; and 

(B) a block copolymer comprising: 

at least one polymer block mainly comprising a monoalkenyl aromatic compound; and 

at least one copolymer block mainly comprising a conjugated diene compound, and having a molecular 

weight equivalent to 1/3 to 2/3 of the molecular weight of block copolymer (A), 

wherein (a) the total bonding alkenyl aromatic compound content in the mixture of block copolymers (A) 
and (B) is from 10 to 50% by weight, 

wherein (b) the vinyl bond content in the conjugated diene polymer blocks is not greater than 70% by 
weight, and 

wherein the block copolymer composition has: 

(c) a content of (A) component of from 98 to 20% by weight and a content of (B) component of from 
2 to 80% by weight; 

(d) a melt index value of from 0.3 to 15.0 g/10 min; 

(e) a bulk density of from 0.1 to 0.7; 

(f) a particle size distribution such that the content of constituents remaining on a 5-mesh sieve is not 
greater than 30% by weight and the content of constituents passing through a 20-mesh sieve is not 
greater than 30% by weight; and 

(g) a total pore volume of from 100 to 2,000 mm 3 /g. 

2. The block copolymer composition of claim 1 , wherein the block copolymer mixture has a softening temperature of 
from 80 to 1 30°C as measured by static thermomechanical analysis (TMA). 

3. The block copolymer composition of claim 1, having a content of the monoalkenyl aromatic compound polymer 
blocks (BS) of from 10 to 48% by weight, and an alkenyl aromatic compound content (TS-BS) calculated by sub- 
tracting the monoalkenyl aromatic compound polymer block content (BS) from the total bonding alkenyl aromatic 
compound content (TS) of from 2 to 30% by weight. 

4. The block copolymer composition of claim 1, wherein component (A) comprises a coupling polymer obtained by 
coupling reaction of component (B). 

5. An asphalt composition comprising: 

from 3 to 15 parts by weight of the block copolymer composition of claim 1 , 2, 3 or 4; and 
from 85 to 97 parts by weight of asphalt. 
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